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Soil property patterns and
topographic parameters
associated with ephemeral
gully erosion
R.D. Lentz, R.H. Dowdy, and R.H. Rust

ABS1RAGT. The pattern of ephemeral gully erosion and associated soil properties
were investigated in three southeastern Minnesota soilscapes during 1988 and
1989. The associations between topographic attributes and erosion characteristics
of sample sites were also examined. No ephemeral erosion was measured after the
investigation began in the drought year of 1988. In 1989 soil lost from ephemeral
gullies ranged from 0.8 to 1.6 Mgiba (.4 to .7 ton.lac) at the study sites, or one-
tenth of that reported in the literature for similar watersheds. Pre-1988 data avail-
able at one site showed that soil voidage was an order of magnitude greater dur-
ing the wetter-than-normaI1986 season. A simple erosion model predicting topsoil
removal and subsoil mi.xing in upper reaches and deposition in lower ephemeral
gully reaches, does not accurately describe erosion processes in these landscapes.
Impact of ephemeral erosion on soil properties in landscapes varied depending on
relative 1) rill and interrill contributions, 2) proclivity for channel drifting, and 3)
occurrence of depositional sorting in channels. Topographically sensitive controls
of ephemeral erosion, such as surface saturation and stream transport capacity,
played different roles in channel formation at each site. Topographic indices most
useful for predicting ephemeral erosion were planform curvature, profile curva-
ture-slope, Ln (unit area/slope), unit area-slope, andplanform curvature-up-
stream contributing area-slope.

S OIL conselVationists began system- tion and tillage filling remove a greater
atic study of ephemeral gully ero- volume of topsoil from these areas and

sion only in the last decade (5). can quickly reduce crop yields (1)
Ephemeral gullies are scoured by con- The importance of employing overall
centrated flow, but unlike rills, landscape analysis to assess hydrology,
ephemeral channels are believed to soil erosion, soil property, and crop
recur in the same location each season productivity conditions has been em-
and are strongly controlled by land- phasized in the literature (10) Ultimate-
scape configuration. Ephemeral gullies ly, landscape analysis permits examina-
are larger than rills but are smaller than tion of spatially dependent
gullies, i.e., small enough to allow pas- characteristics and processes, and de-
sage of tillage implements. Ephemeral velops causal or predictive relationships
channels tend to form in swales or de- that are universally applicable in diverse
pressions in the upper reaches of a environments. To achieve this goal, re-
drainage network (6) To date, relative- searchers require a nonpositional
ly few studies have attempted to quanti- method of relating spatial properties
fy ephemeral erosion or describe pat- within landscapes. In other words, the
terns of gully formation (18) Present location in a landscape associated with
data suggest that sediment production certain characteristics of interest is not
from ephemeral erosion may range defined in terms of fixed coordinates
from 14 to 147 percent of that produced but by parameters that describe process
by interrill and rill erosion (7) Repeat- potentials inherent at the location. Soil
ed cycles of ephemeral channel forma- map unit components are considered

nonpositional and have been employed
R.D. Lentz is with the USDA ARS in Kimber- to make inferences concerning charac-
ly, ID 83341; R.H. Dowdy is with USDA- teristics and processes at given loca-
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Reprinted from the Journal of Soil end WeIer CMHrVetion
Juiy-August1993. Volume 46. Number 4

Copyright C 1993 Soil and Water Conservation Society



CCb,n'1 nl~ ;c~ ~ ,
~L.t."" n:~~ Y{ t,:

meters have been derived from topo- ber. Soil frost develops around Decem- 26, T. 111 N., R. 22 W.) on a 2.4 ha (6
graphic attributes. ber 1 and thaws in mid-April. Precipita- ac) watershed with a mean slope of 6.1

Parameters such as topographic posi- tion has fluctuated wildly over the last percent and a westward aspect. Vertical
tion, aspect, slope, surface curvature decade. September 1986 marked the relief is about 14 m (46 ft). This water-
parallel (profile), and perpendicular abrupt end of one of the wettest shed lies in a glacial wastage landscape
(planform) to direction of maximum decades on record. Subsequent years that is characterized by a complex
slope, length of contributing slope (up- were droughty. Southeastern Minnesota topography and deranged drainage pat-
stream distance), and a parameter relat- warm-season precipitation was 80-90 tern. Lerdal silty clay loam, 2-6 percent
ed to unit area (A), defined as upstream percent of normal in 1987, 50-75 per- slopes, and 6-12 percent slopes, eroded
contributing area divided by unit con- cent of normal in 1988, and 75 percent (fine, montmorillonitic, mesic Udollic
tour length, have been related to soil of normal in 1989 (20) Ochraqualfs) occur on backslopes and
properties in landscapes (4, 12, 15) Study sites were subject to severe Lura silty clay loam (fine, montmoril-
Unit contour length is defined as the ephemeral erosion and were represen- lonitic, mesic Cumulic Haplaquolls) oc-
size of land surface unit that forms the tative of regional soil and cropping pat- cupies footslope and toeslope positions.
basis of calculated hydrologic parame- terns (corn and soybeans). Minimal The Mower site lies about 24 kIn (15
ters (10) Indices listed above also are conservation practices were employed. mi) southwest of Rochester (NE 1/4, SE
related to soil water content (8) An ad- Tillage practices included conventional 1/4, SE 1/4, Sec. 15, T. 104 N., R. 15
ditional composite parameter, unit area clean tillage across slope to prepare W.). Mower is a 3.15 ha (8 ac) water-
divided by slope (As), has been shown seedbed and plant, a single mid-season shed with a mean slope of 3.4 percent,
to successfully describe differences in cultivation to control weeds, and fall a southerly aspect, and a vertical relief
soil water content across the landscape chisel or disking with 5-25 percent crop of about 19 m (62 ft). Soils developed
(2, 11). Thome et. al. (19) employed a residue remaining. in firm glacial till overlain by a thin
composite topographic index (CTI), the Sites were named for the county in mantle of loess from 0.09 to 0.5 m (.3-
product of upstream contributing area, which they were located. Figure 1 de- 1.5 ft) thick. Tripoli silty clay loam
slope, and planform curvature, as an scribes soils at the study sites. The Olm- (fine-loamy, mixed, mesic Typic Hap-
index of the erosive power of concen- sted site was located about 7 kIn (4 mi) laquolls) occurs on summits and back-
trated flow to predict where ephemeral north of Rochester (SE 1/4, NE 1/4, SE slopes while Readlyn silt loam (fine-
gullies occur in the landscape. Two 1/4, Sec. 10, T. 107 N., R. 14 W.). Its wa- loamy, mixed, mesic Aquic Hapudolls)
composite parameters were employed tershed encompasses an area of 1.8 ha occupies swales and footslopes.
by Moore (11) for the same purpose. At (4.4 ac), has a vertical relief of about Air temperature, humidity, wind
lower positions in the catchment, 18.5 m (60 ft), a mean slope of 8.6 per- speed and direction, and rainfall were
ephemeral gully locations were best cent, and a predominant south-south- measured at Rice. Recording rain
predicted from the composite parameter west aspect. Soils formed in a mantle of gauges were installed at Mower and
(unit areaeslope) or ABS; whereas at loess that ranges from one to more than Olmsted, and field measurements were
upper catchment positions, location of two meters in thickness. Port Byron silt begun in late May 1988. During the
gullies were predicted by log of As loam, 1-5 percent slopes (fine-silty, summer of the 1988 drought, rain-
(LNAS). mixed, mesic Typic Hapludolls) occurs storms were not sufficiently intense or

The objectives of this research were on summit and backslope positions; persistent to produce ephemeral ero-
three-fold: 1) identify the pattern of Lindstrom silt loam, 6-16 percent slopes sion. During 1989, ephemeral gullies
ephemeral erosion and measure chan- (fme-silty, mixed, mesic Cumulic Haplu- developed at each site during early
nel voidage occurring across small wa- dolls) occurs on footslope and toes- spring before fields were planted, and
tersheds in three contrasting soilscapes lopes. again at Mower and Olmsted in late
of southeast Minnesota; 2) determine The Rice site was located approxi- summer. Figure 2 presents rainfall data
how soil properties are related to topa- mately 66 km (40 mi) south of Min- associated with ephemeral erosion
graphic parameters and examine the re- neapolis (NE 1/4, SE 1/4, SE 1/4, Sec. events at each site.
lationship between either soil properties
or topographic parameters with
ephemeral gully erosion; and 3) test the Table 1. Estimated soil voidage from ephemeral gullies at study sites.
following hypothesis-ephemeral gully Event Rainfall Soil:!:
erosion may be modeled simply as a Site Date Crop Cover" Rainfall Duration Voidage

.Iprocess in which topsoil is removed % mm hours Mg ha.'
from an area immediately adjacent to Olmsted 4/3/89 Com 15r 15 7.5 0.5

h I d d . d I Olmsted 8/4/89 Com 100c 49 2 1.0 -

recurrent c anne s an eposlte at ow
lying positions. We will refer to this hy- Rice 4/1/89 Soybeans 7r 7 2 2.1
pothesis as the conventional ephemeral
erosion model. Mowert 5/13/86 Soybeans 25r 53 24 6.9 ,

Mowert 7/5/86 Soybeans 25c 25 6 2.4 j
Study area and methods Mowert 7/26/86 Soybeans 80c 53 16 0.5 ~

Mean annual precipitation in the re- Mowert 7/8/87 Soybeans 35c 48 7 5.5 1

gion studied is about 735 mm (29 in);
67 percent falls during the growing sea- Mower 4/3/89 Soybeans 15r 15 - 7 0.2Mower 7/11/89 Soybeans 8ac --~ 35 ~L 4.5 0.6
son from May to September. Thunder- " Surface cover given for crop (c) or residue (r).
storms occur on about 45 days during t Unpublished data of USDA SCS "'"

the warm months from April to Septem- :!: Bulk density (Mg m3) Olmsted 1.15; Rice 1.23; Mower 1.22
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Topographic analysis. Watershed ing through node (m/m2, positive-con- into reaches of similar size and configu-
topography was characterized using a cave); and 5) upslope contributing ration. Channel area of each reach was
Geodimeter Model 136 (1) survey in- area-the entire upstream area (m2) that measured at two or three locations using
strument. The program SPUN2G (9) fit a contributes flow to the surface point a micro-relief meter for large channels
Laplacian Smoothing spline surface to corresponding to each node. Topo- and a photographic technique for small
the irregularly spaced field data, and in- graphic parameters described in the in- gullies. In the latter method, cross-sec-
terpolated elevation values for X and Y troduction are simply combinations or tional gully areas were measur,ed from
coordinates of a uniform 3 x 3 m (10 x transformations of these basic attributes. photos taken on-site. Channel voidage
10 ft) grid. The resulting digital elevation Finally, we included a parameter that was computed by summing the prod-
models (DEM) described the surface described the shortest horizontal dis- ucts of channel length and average
configuration of each watershed. Eleva- tance from the location of interest to a channel area (for each reach) over all
tion error associated with DEMs was es- known ephemeral channel position. channel sections and reaches compris-
timated to be :1:0.025 m (.08 ft). Ephemeral erosion. Data on size ing the gully. Based on the accuracy of

A FORTRAN program (14) analyzed and pattern of ephemeral gullies that the relief meter and estimated unmea-
each DEM and estimated five principal formed at Mower during 1986-88 sea- sured channel sinuosity, we estimate a
topographic indices for surface points sons were provided by the USDA-SCS; maximum of 15 percent error was asso-
corresponding to all nonperipheral grid measurements were made with a tape. ciated with these soil voidage measure-
nodes, including: 1) slope-the maxi- In 1989, measurements at all sites were ments.
mum rate of change of elevation of the made in the following manner: Soil sampling. At each site, ephemer-
surface (m/m); 2) aspect-the compass Ephemeral gullies were identified as als were divided into three blocks, in-
bearing of the maximum downward channels in which development and ori- cluding lower channel (depositional),
slope (degrees clockwise from north); 3) entation were associated with incipient mid-channel, and upper channel. Within
profile curvature-second derivative of drainageways. These gullies, which each block four "affected" plots were lo-
an arc defined by the intersection of the were oriented at angles to furrows, were cated over the ephemeral channel, if
surface with a vertical plane that passes readily distinguished from rills that present, or in the swale bottom. The
through slope vector and node (m/m2, formed in, and ran parallel to, tillage term "affected" refers to field areas di-
positive-convex); 4) planform curva- marks. Ephemeral gullies that formed rectly impacted by erosive or deposi-
ture-second derivative of the arc were measured before the next tillage tional processes of ephemeral gullies.
formed at the surface by a vertical plane operation. Channels and deposition "Nonaffected" plots were randomly 10-
perpendicular to slope vector and pass- zones were delineated and partitioned cated on one side of the channel, at

least three meters along the furrow and
Table 2. Pearson's coefficients for all significant correlations between topa- away from the affected plot. "Nonaffect-
graphic parameters and field properties. ed" areas were considered to be beyond
Topographic Correlated Correlations ~e influence of p~esent ~phe~eral ~l-
~ameter Property ,Olmsted Rice Mower lies, but were subject to mterrilJ. and rill
Channel cross- Sand (18-3Scm) ! 0.S6t 0.36* -0.42* processes. Each plot consisted of 3 m
sections A horizon thickness' 0.10 -0.22 -0.S3* (10 ft) of crop row. Three of the four

Planform curvature 0.49t 0.S6t 0.37:1: pairs of affected/nonaffected plots were
Deposition type Organic carbon (S-1Scm) -0.47t 0.29 0.26 randomly selected for sampling in the
(extent of depo- Bulk density (S-1Scm) 0.S4t -0.28 -0.3S fall of 1989. A preliminary examination
sition present in Bulk density (18-3Scm) 0.41* -0.12 -0.61 t of soil profiles beneath affected areas re-
channel) Sand (18-3Scm) 0.42* 0.18* 0.21 vealed that significant variability in soil

Clay ~18-3Scm) -0.18 -0.44 -0.27 texture occurred at the 018-035 m (6-1A horizon thickness -0.10 0.38* O.OS .. .
Slope -0.60* -0.42 -0.62t ft) depth. In each selected plot, soil sam-

ples were taken from two narrowly de-
Distance to Organic carbon (S-1Scm) 0.38* 0.09 0.4S* fined layers (0.05-0.15 m and 0.18-0.35
channel Clay (S-1Scm) -O.SOt O.OS 0.24 m) in order to better observe these tex-

Sand (18-3Scm) -0.47t -0.28 -0.04 .
A horizon thickness -0.47t 0.21 0.39 tural contrasts. Samples consISted of 2.3
Planform curvature -0.3S:I: -0.72t 0.21 cm (1 in) diameter cores, taken at the

lowest point in each swale, but to one
Upstream area Organic carbon (S-1Scm) 0.38* 0.16 0.30 side of any channel. In addition, a five

SI 0 . b (S 1S ) 0 04 0 60t 0 34 or six sample transect was made acrossope rgamccar on - cm . - . - .
Sand (S-1Scm) -0.23 0.37* 0.19 the mid-channel zone of two different

Bulk density (18-3Scm) -0.37* 0.S4t 0.69t ephemeral gully systems in each land-
Sand.(18-3Scm) -0.47* 0.22 -0.31 scape. Particle size analysis, total organic
A horizon thickness 0.17 -0.71 t -0.06 carbon, and bulk density were deter-

Planform curvature Sand (18-3Scm) 0.39* 0.08 -0.38t mined for the two layers sampled in
each core.

CTI§ Organic carbon (S-1Scm) 0.38* -0.12 0.26

(Unit area slope) Sand (S-1Scm) 0.02 -0.46* -0.12 (1) M t . f d . t. den Ion 0 tra e names IS or rea er conve-

* nience only and does not imply endorsement by
. 0.39 -0.01 0.27 the USDA-ARS or the University of Minnesota

.. Igm I an .,., an. eve. respectively over similar products of companies not men-
§ CTI = (Upstream contributing areaoslopeoplanform curvature) tioned.
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Table 3. Soil properties* of plots that are either affected or nonaffected by ephemeral erosion processes. Data are
given on the basis of site and channel position.

(1) (2) (3)
Channel Position - LQW~r ___Mid _~l2per-
Erosion Status Affected Non-aff Affected Non-aff Affected Non-aff OverallSite:Ofmsted(1-) "-- --- ~lli

OC1 (%) 1.84a§ 2.11b 2.07a 2-00a 2.04a '"" 2.04a 2.01A
BD1(gcm-') 1.31b 1.13a 1.12a 1.06a 1.17a 1.13a 1.12A
BD2(gcm-') 1.21a 1.15a 1.19a 1.15a 1.08a 1.09a 0.04A
S1 (%) 10.6a 9.0a 9.9a 9.7a 7.6a 10.0a 9.6A
S2 (%) 9.0a 8.4a 10.5b:l: 7.4a:l: 5.6a 2.8a 7.5A
CL 1 (%) 28.9a 23.3a 26.1 a 23.9a 28.3a 18.0a 24.5A
CL2 (%) 25.8a '¥ 27.1a 25.7a 24.4a 28.4a 28.9a 26.3A

~~(cm) 60.2a i""," : 74.0a 65.9a.., 52.7a___!:-a-__80:~f .. ~-~ 60~-
." ~ ". ,

Site: Rice (2) .OC1 (%) 2.7a 2.9a 1.58a ,-. 1.55a! 1.72a 1.70a 1.85A

BD1(gcm-') 1.12a 1.15a 1.13a 1.30b 1.32a 1.42a 1.25A
BD2 (g cm-3) 1.18a 1.22a 1.32a 1.40a 1.32a 1.22a 1.32A8
S1 (%) 21.3a 23.7a 31.7a 31.3a 29.3a 29.2a 29.18
S2(%) 16.7a 31.2a 37.1b 29.2a 25.7a 33.1a 29.58
CL1 (%) 27.0a 34.4a 34.2a 38.0a 34.1a 33.0a 34.9B
CL2 (%) 32.9a 44.3a 37.8a 45.4a 46.0a' 41.3a 42.38
ATHK (cm) 60.0a 60.0a..j 24.8a ; 20.5a '{t 20.3a ';111 24.8a 29.8B R'

-! 11 ,Ii 'I;-! ,::Site: Mower (3) - , .

OC1 (%) 3.96a 4.44b 2.29a:l: 3.15b:l: 3.17a 3.49a 3.26B
BD1 (g cm-') 1.03a 0.97a 1.30a 1.18a 1.13a 1.12a 1.15A
BD2 (g cm-') 1.11 a 1.06a 1.36a 1.29a 1.38a 1.34a 1.27B
S1 (%) 23.9a 22.9a 25.8b 19.0a 26.3a 28.5a 23.08
S2(%) 17.7a 11.7a 10.6a 15.7a 5.3a 11.2b 1.3A
CL1 (%) 33.5a 37.0a 28.3a 30.9a 30.6b:l: 27.0a:l: 30.9AB
CL2 (%) 36.6a 33.3a 29.9a 32.4a 34.5a 36.1a 33.1B
ATHK (cm) 42.3b 32.7a 21.1a 36.3b 29.5a 36.5a 33.3B ".oJ. A THK = A horizon thickness; DC = total organic carbon; BD = bulk density; S = sand; CL = clay; 1 = 0.05-0. 15m sampling depth; 2 = 0.18- ~ h

0.35m sampling depth , ,
t Dissimilar uppercase letters indicate significant differences (P = 0.05) between sites for a given soil propeny
:I: Affected and non-affected values are different at P = 0.075 significant level
§ Dissimilar lower case letters indicate significant differences (P = 0.05) between affected and non-affected values at each channel position

Regression models. A stepwise re- Iowa, for a 28 ha (69 ac) loess water- 1989. However, comparable events oc-
gression analysis (16) was employed to shed with 4-12 percent slopes [6.8 curred on 7/26/86 and 7/11/89 with re-
determine how topographic characteris- Mg/ha (3 ton/ac) in 1984, 17 Mg/ha (8 spect to intensity and time of season,
tics (independent variables) at a given ton/ac)] in 1985; by Grissinger and Mur- and resulted in similar soil losses [0.5
location influenced local occurrence or phey (7) in northern Mississippi, for 1.9 and 0.6 Mg/ha (.2 and .26 ton/ac), re-
severity of ephemeral channel develop- ha (5 ac) loess watershed with 0-6 per- spectively]. This suggests that although
ment (dependent variable). In this statis- cent slopes [14.7 Mg/ha (7 ton/a c) in drought reduced ephemeral erosion
tical analysis, a search algorithm selects 1985]; and by Thomas and Welch (18) during 1988 and 1989, relative size and
the subset of independent variables (i.e., in Georgia, for 1.2 (3 ac) and 0.8 ha (2 spatial information provided by channel

Iderives a suitably-fitted model) that best ac) watersheds with clayey residual soils measurements during 1989 were realis-
explains variation of the independent and 2-8 percent slopes [33.0 Mg/ha (15 tic and adequate for analyses of associ-
variable. The model fitted is: ton/a c) average from July 1984 to De- ated topographic relationships.

C - T T T E cember 1986]. The disparities are pri- Soil property-topographic para-A 130 + 131 1+132 2...+ 13n n + i marily due to a difference in number meter relationships. Pearson's correla-

where CA is a channel formation vari- and intensity of rain stolms over water- tion analysis of topographic parameters
able and T] are topographic characteris- sheds and length of erosion seasons. and soil properties included soil data
tics selected in the analysis. For example, mean annual rainfall is from sample sites in and adjacent to
Results and discussion 1200 mm (47 in) at the Georgia location, channels, in addition to five to six sam-

1400 mm (55 in) at the Mississippi loca- pies comprising a cross-section of the
EPhemeral erosion. A section of tion, and 735 mm (29 in) at our sites. mid-channel gully. Correlation analysis

ephemeral gully was composed of a sin- Precipitation during the period of obser- was conducted independently for each
gle channel or from two to four parallel vation was 823 mm (32 in) at Georgia site (Table 2). In general, correlations
channels. Cross-sectional area of a chan- and averdged 1071 mm (42 in) per year with soil properties were not significant
nel ranged from 0.0016 to 0.032 m' (.02- at Missis.'iippi. This is compared to 330 across all sites. Most of the significant
.3 fr). Ephemeral gully voidage esti- ~md 437 111111 ()3 and 17 in) recorded for correlations were site specific, even to
mates measured in 1989 at each of the the two seasons of our study in south- the extent that, for a given soil property,
watersheds are presented in Table 1. east Minnesota (1988 and 1989). correlations were reversed from one site
Soil loss to ephemeral erosion on these Annual soil voidage for Mower (Table to the next. About 54 percent of signifi-
watersheds was much less than that re- 1) in 1986 and 1987 was nearly ten cant correlations were observed for the
ported by Spomer and Hjelmfelt (17) in times greater than that observed in Olmsted location. Stronger soil proper-
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ty/topographic parameter relationships observed in a soil profile excavated at a rainstorms yield less runoff, and pro-
occur at Olmsted because the overall mid-channel affected location. Lenses of duce channel flows that terminate be-
landscape configuration is more ex- sand 0.18 to 0.30 m (.59 to .98 ft) thick fore fully traversing the previously in-
treme, as exemplified by its greater and 4 to 6 m (13-20 ft) wide were ob- cised gullies. Sediment from abbreviated
mean slope. served in the upper 0.5 m 0.5 ft) of the flows is deposited in mid-channel reach-

Soil property-channel parameter soil profile. These sand bars probably es. Such duplicity may produce greater
relationships. The correlation analysis formed during past ephemeral episodes variation among soil properties associat-
described above also included channel and were covered by fill from tillage. ed with ephemeral channels and reduce
formation parameters. Channel cross- It is not clear whether a cause-effect our chances of observing consistent re-
sectional area, a measure of gully ero- relationship exists between strongly de- lationships; however, the above exam-
sian severity, was positively correlated veloped ephemeral channels and in- pIe was statistically significant, indicat-
to sand content at 0.18-0.35 m (.6-1 ft) creasing sand content with depth. Re- ing that some soil property patterns may
depth at Olmsted and Rice sites, but gardless of the cause, this evidence be generally reflective of ephemeral
negatively correlated at Mower site suggests that both degrading and ag- erosion processes.
(Table 2). The conventional ephemeral grading processes occur at mid-channel The only other soil property signifi-
erosion model predicts that the surface positions. This contradicts the conven- candy correlated with channel area was
horizon of eroded soils becomes more tional ephemeral erosion model (see A horizon thickness at Mower. As chan-
similar to that of the subsoil as erosion last paragraphs in Results and Discus- nel area increased, thickness of the A
proceeds. Accordingly, when Olmsted sion section). The duplicity in process horizon decreased, a situation that sup-
and Rice soils are eroded, sand content probably is caused by the dynamic na- ports the conventional ephemeral ero-
should remain constant with depth. In- ture of individual hydrologic events, or sion model. Other ephemeral erosion
stead, sand content at 0.18-0.35 m depth variation between successive events. parameters "deposition type"-a mea-
increases in areas where gully size was Channel scouring can occur during sure of extent of deposition occurring in
larger, suggesting that dilution or event peak flows, but as runoff slows, channels and "distance to channel" had
diminution of silts and clays occurred in velocity and transport capacity in stream significant, though unique, relationships
the 0.18-0.35 m layer in affected loca- flows decrease, and sediment is deposit- to specific soil properties. Increasing or-
tions. Increasing sand may be a conse- ed in the scoured channels. The heavier ganic carbon at 0.05-0.15 m (.2-.5 ft)
quence of preferential removal of silts sand fraction dominates deposits of the depth with distance from channel was
and clays by concentrated flow. Evi- higher-energy, mid-channel flows. significant for both Olmsted and Mower
dence supporting a dilution process was Smaller rainfall events that follow heavy sites and suggests that classical erosion

Study Sites

Olmsted Mower B~
0

Loess

0.5 Loess ~ ~ ~ ~ ~ ~ Glacial

Fi rm ~ ~ ~ ~ ~ ~ Ti II

CL Glacial ~Gh
Ti II ~ ~ ~ ~ ~ ~

1.0 ::::::

m 4-100/0 2-6% 3-18%

slopes slopes slopes

~lm;'Wi A h . II B hor.lzonj.,ji~1;t orlzon ~

[Ill] Granular [IIill Fine ABK [illI] Medium ABK

Figure 1. Generalized soil profiles, parent material, and slopes for soils at each study site.
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is occurring in the affected area, i.e., re- 60
moval of the organic rich epipedon. E

Ephemeral channel-topographic E 50 T
parameter relationships. Two associ- - OLMSTED
ations were consistently significant for :J 40
all landscapes. The first, channel cross- <t
sectional area, a measure of ephemeral ~ 30
erosion severity, was positively correlat- '<
ed to planform curvature (i.e., as plan- a: 20
form curvature became more concave, >
channel area increased). The second, :::! 10
occurrence of deposition, was negative- <t
ly correlated with slope. In addition, dis- 0 0
tance to channel was negatively corre- 60
lated with planform curvature for both E
C?lmsted (P<0.07) and Rice (P<O.OI) E 50
sites. - MOWER

To examine the relationship between :J 40
erosion severity and topographic para- <t T
meters, a stepwise regression analysis LL. 30
was conducted with channel area as the ~
dependent variable and topographic at- ~ 20
tributes as independent variables. Be- >
tween 18 and 22 extra points were ran- -J
domly selected from portions of the '< 1 0
watershed not previously sampled, and 0 0
included in this analysis. Since these
points were outside the affected areas, a - 60
channel area value of zero was assigned E .
to each point. Model parameters select- E 50 RICE T = Erosion Event
ed for each site were different. Planform :;-
curvature was included as one of two -J 40
Parameters in all models. The second <t

LL.parameter for Olmsted was ABS (unit z 30
area-slope); the second for Rice was '<
LNAS, Ln(unit area/slope); and the other a: 20
parameter for Mower was CTI (up- >
stream contributing area - slope - plan- :::! 10
form curvature). Regression (R2) values <t
and significance of model fit were 0.27 0 0

(P=O.OOOI) for Mower, 0.39 (P=O.OOOI) 0) 0) 0) 0) 0) 0) 0)

for Olmsted, and 0.42 (P=0.0013) for ~ ~ ~ ~ ~ ~ ~. f .- .- .- .- .- .- .-Rice. Several actors may have con- ~ in to r;:: "CQ -- "0tributed to this low explanation of vari- 0) .-

ance, i.e., other influential topographic Figure 2. Daily precipitation and associated ephemeral erosion events at
parameters may need to be considered; each site.
additional factors such as soil strength,
soil hydraulic conductivity, and runoff
need to be incorporated into the model; the surface (19). The importance of ABS file. Permeability of frozen soil is very
a larger number of watershed samples in the Olmsted regression most likely is low. Water perched above the frozen
may be needed to identify subtle rela- a reflection of this factor's influence on layer soon saturates the soil and induces
tionships with topographic attributes; sediment transport capacity of surface significant subsurface flow. Thome et al.
and DEM grid resolution [3 m 00 ft)] flow processes (11). Moore (10), (19) combined planform curvature in a
may not have been sufficient to accu- O'Loughlin (13), and Beven and Kirkby product (CTI) that also included up-
rately compute parameter values in all (2) found LNAS to be the best predictor stream contributing area and slope; the
cases. of soil water content and surface satura- latter two providing an index of stream

Burt and Butcher (3) found that plan- tion. The combination of LNAS with power. The presence of both planform
form curvature was a good predictor of planform curvature in the Rice regres- curvature and CTI in the Mower regres-
saturated areas in watersheds. Ephemer- sion leads us to believe that saturation sion indicates that interaction effects be-
al gullies would be most likely to form may playa relatively greater role in de- tween upstream area, planform curva-
in such areas because critical shear velopment of ephemeral gullies at this ture, and slope, do not alone explain
stress of saturated soils is reduced, and site. The majority of erosion at all sites severity of ephemeral gully develop-
convergence increases the probability occurred in early spring, while soil frost ment.
that concentrated flow will develop on was present at some depth in the pro- The relationship between occurrence
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of ephemeral gullies and topographic rence at Rice was most closely related to swale, depending on microtopographic
parameters was examined by utilizing planform curvature and the combined variation in furrow configuration, swale
the "distance from point to channel cen- indices LNAS and CTI. For Mower, planform curvature, or random weak-
ter" parameter as the dependent vari- much of the variation in proximity to ness in tillage ridges that cross the swale
able in regression models for each site. channels was explained by planform and dam water. Channel wandering was
Additional watershed points selected for curvature, slope, and combined in- observed at the Olmsted site; Figure 3
the channel area regression were also dices--LNAS, ABS, and PSLP. depicts early and late season ephemeral
included in this analysis. Distance to Soil properties of affected/nonaf- gully patterns that significantly diverge
channel for these points was estimated fected areas. Table 3 presents mean from one another. At the sampling scale
from DEM contour maps. The coeffi- soil properties of affected and nonaffect- used, the random formation of channels
cient of multiple determination (R2) and ed areas for each site. Of 72 affected and subsequent filling would tend to
significance of model fit for the three versus nonaffected comparisons exam- minimize soil differences observed be-
models ranged from 0.28 (P=O.OOOl) for ined, only nine pairs were significantly tween affected/nonaffected locations.
Rice, 0.51 (P=O.OOOl) for Olmsted, and different (P<0.05). These are included in We believe this may explain why few
0.80 (P=O.OOOl) for Mower. Again, the Table 3. Differences were observed in differences were noted between affect-
models employed different parameters. each reach but only one of the nine oc- ed and nonaffected areas at Olmsted
Planform curvature, however, was com- curred in the upper channel position. (Table 3).
mon to all models and accounted for a Clearly, ephemeral gully erosion has its C I .
d . . f I . d .. . I I il . onc uslons
Offilnant portion 0 exp ame vanation greatest lffipact on oca so properties

at each site. Variation in channel occur- at mid- and lower-channel positions. Soil voidage associated with
rence at Olmsted was best explained Soil properties most influenced were A ephemeral erosion during dryer than
using planform curvature, slope, and a horizon thickness and percent organic normal seasons was one tenth that ob-
combined index-profile curvature- carbon, bulk density, and percent sand served in wetter years. However, com-
slope (PSLP). Proximity to a channel in- at 0.05-0.15 m (.2-.5 ft) depth. In gener- parable storm events resulted in similar
creases as planform curvature becomes aI, percent organic carbon at 0.05-0.15 soil losses irrespective of season. The
more concave and when slope decreas- m depth in affected areas was 12 per- greatest impact of ephemeral erosion
es. PSLP has not been employed in pre- cent less than in nonaffected areas in was observed at middle and lower
vious research. Its use in this regression lower channel positions. At mid-channel reaches of the gully channel. A simple
implies that when proflle curvature be- positions, the most systematic difference model describing 1) at upper gully posi-
comes more concave and slope be- observed was in sand content of either tions, the removal of A horizon soil and
comes less steep, the proximity to a 0.05-0.15 or 0.18-0.35 m (.6-1 ft) layers; tillage induced mixing with the B hori-
channel is increased. Zaslavsky and affected areas had approximately 30 zon, and 2) deposition of this sediment
Sinai (21) reported that profile curvature percent greater sand than nonaffected at lower gully positions, did not fully
was of primary importance in deterrnin- areas in one of these layers. explain observed soil property relation-
ing the distribution of soil water con- A lack of overall relationships sug- ships. The influence of ephemeral era-
tent. We believe PSLP identifies areas gests that each site (landscape) respond- sion on soil property patterns varied be-
where concavity encourages accumula- ed differently to ephemeral erosion tween sites as a function of relative 1)
tion of soil water and low slope hinders processes. For example, in some land- contributions from rill and interrill
subsurface lateral drainage. Channels scapes, ephemeral gullies do not recur processes, 2) proclivity for channel drlft-
tend to form in these areas where infll- in precisely the same position in the ing, and 3) occurrence of depositional
tration is reduced and surface flow swale each year. Instead, they may be sorting in channels. The lack of a con-
down slope is sustained. Gully occur- initiated at various positions in the sistent pattern of topography/erosion

correlations between sites suggests that
hydrologic processes occurring in differ-
ent watersheds are significantly differ-

1~O ent. Our results suggest that one, two,
or even three topographic parameters
may not adequately describe ephemeral
erosion hazards in various landscapes.
Also, topographic parameters alone are

80 not adequate to predict effects of
ephemeral erosion on soil property pat-
terns at a given site.
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